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1.0 INTRODUCTION AND SUMMARY 
1.1 Task I - Oxygen Sensing E l e c t r o d e  
The o b j e c t i v e  of  t h i s  t a s k  i s  t o  deve lop  a n  oxygen s e n s i n g  
e l e c t r o d e  t h a t  w i l l  g i v e  a l i n e a r  ( o r  a r easonab ly  c l o s e  t o  
l i n e a r )  r e sponse  t o  oxygen p a r t i a l  p r e s s u r e  i n  t h e  range  of 
approximate ly  5 t o  30 PSIA.  
g a t e d  i s  t h e  u s e  of  d i f f u s i o n  c o n t r o l l e d  e l e c t r o d e  r e a c t i o n  
rates. 
The i n i t i a l  approach be ing  inves t i . -  
During t h e  second q u a r t e r  t h e  fo l lowing  phases  of  t h i s  
t a s k  were accomplished: 
1. A complete  set  of p o l a r i z a t i o n  s t u d i e s  were made on 
Sleven  dua l  test  e l e c t r o d e s  a t  0 ,  5, 10, 15 ,  20, 25, 
and 30 PSIA oxygen p r e s s u r e  a t  room temperature .  
2. The more promising e l e c t r o d e s  were e v a l u a t e d  over  t h e  
tempera ture  r ange  of - 1 O O C  t o  35OC. 
1 .2  Task I1 - Oxygen Recombination E l e c t r o d e  
The o b j e c t i v e  of  t h i s  t a s k  i s  t o  se lec t  an  oxygen recombin- 
a t i o n  e l e c t r o d e  capab le  of  recombining t h e  oxygen gene ra t ed  by 
t h e  p o s i t i v e  p l a t e  du r ing  charg ing .  This  e l e c t r o d e  must be a b l e  
t o  f u n c t i o n  over  t h e  tempera ture  range  of -2OOC t o  +4OoC. 
S e l e c t i o n  o f  e l e c t r o d e s  w i l l  be  based upon t h e i r  p o l a r i z a t i o n  
c h a r a c t e r i s t i c s .  
During t h e  second q u a r t e r  t h e  fo l lowing  phases  o f  t h i s  t a s k  
were accomplished: 
1. T e s t  c e l l s  f o r  t h e  c h a r a c t e r i z a t i o n  of  e l e c t r o d e s  were 
modif ied t o  improve h e a t  t r a n s f e r  between t h e  working 
e l e c t r o d e s  and t h e  atmosphere.  
1. 
2. The a b i l i t y  of  our  e l e c t r o d e  f a b r i c a t i o n  p rocess  t o  pro-  
duce e l e c t r o d e s  of  c o n s i s t e n t  q u a l i t y  h a s  been demonstrated.  
The e f f e c t  o f  "ageing" on t h e  performance o f  e l e c t r o d e s  
h a s  been i n v e s t i g a t e d ,  and no s i g n i f i c a n t  e f f e c t s  have been 
observed.  
3 .  
4 .  The performance of a number of  f u e l  c e l l  e l e c t r o d e s  have 
been i n v e s t i g a t e d .  E l e c t r o d e s  developed i n  t h i s  program 
o f f e r  t h e  b e s t  performance. 
1.3 Task 111 - Negat ive P l a t e  Evalua t ion  
The o b j e c t i v e  of t h i s  t a s k  i s  t o  se lec t  s u i t a b l e  l o t s  of  nega- 
t i v e  p l a t e  f o r  u se  i n  p ro to type  and f i n a l  c e l l  assembly. Lo t s  w i l l  
be  s e l e c t e d  upon t h e i r  recombinat ion a b i l i t y  and ampere-hour 
s t a b i l i t y  . 
During t h e  second q u a r t e r  t h r e e  l o t s  o f  n e g a t i v e  p l a t e  were 
r e c e i v e d  from manufactur ing and eva lua ted .  The l o t  w i th  t h e  b e s t  
ba l ance  of  p r o p e r t i e s  has  been r e t a i n e d  f o r  u s e  i n  t h e  c o n s t r u c t i o n  
of  p r o t o t y p e  and f i n a l  c e l l s .  
1.4 Task I V  - Assembly of P l a t e  Packs w i t h  Recombination E l e c t r o d e s  
The o b j e c t i v e  of  t h i s  t a s k  i s  t o  apply  t h e  r e s u l t s  of  Task I1 
and assemble p l a t e  packs with recombina t ion  e l e c t r o d e s  f o r  u s e  i n  
p r o t o t y p e  ce l l s .  During t h i s  q u a r t e r  t h e  p l a t e  w a s  formed, and t h e  
packs ,  recombinat ion e l e c t r o d e s ,  and s e p a r a t o r  were s e n t  t o  t h e  
Research and Development Center t o  b e  used i n  assembly of  p r o t o t y p e  
ce l l s .  
2. 
2.0 TECHNICAL DISCUSSION 
2.1 Task I - Oxygen Sens ing  E l e c t r o d e  
2.1.1 Experimental  D e t a i l s  
The equipment and t e s t  ce l l s  were d e s c r i b e d  i n  d e t a i l  
i n  t h e  f i r s t  q u a r t e r l y  r e p o r t  and have n o t  been changed. 
In  t h e  tes ts  i t  was not  necessa ry  t o  u s e  t h e  oxygen p r e s -  
2.1.2 
s u r e  r e g u l a t i n g  system, as t h e  p o l a r i z a t i o n  d a t a  could  be 
taken  ove r  a s h o r t  pe r iod  o f  t i m e  d u r i n g  which t h e  oxygen 
p r e s s u r e  i n  t h e  t es t  c e l l  remains c o n s t a n t .  The p r e s s u r e  
r e g u l a t i n g  equipment w i l l  be  used i n  long t e r m  s t u d i e s  and 
r e sponse  tes ts .  
The p o l a r i z a t i o n  t es t  c o n s i S t s  of measuring t h e  cu r -  
r e n t  and v o l t a g e  of  t h e  sens ing  e l e c t r o d e  connected through 
a known load  r e s i s t a n c e  t o  a charged cadmium e l e c t r o d e .  A 
p o l a r i z a t i o n  cu rve  i s  r u n  f o r  each oxygen p r e s s u r e .  The 
performance of  t h e  e l e c t r o d e  a t  c o n s t a n t  oxygen p r e s s u r e  i s  
of  importance o n l y  wi th  r e s p e c t  t o  t h e  s t a b i l i t y  of  t h e  
e l e c t r o d e  r e sponse  under a f i x e d  load .  Data c o l l e c t e d  
under c o n s t a n t  l oad  v e r s u s  oxygen p r e s s u r e  i s  needed t o  
o b t a i n  t h e  s i g n a l  response  of  t h e  e l e c t r o d e .  
R e s u l t s  and Discuss ion  
Details o f  t h e  e l e c t r o d e s  e v a l u a t e d  are p r e s e n t e d  i n  
Table  I. 
e l e c t r o d e s  of  a l l  e leven  materials were t e s t e d .  
Large (9.8 c m 2  area) and s m a l l  (0.85 cm2 a r e a )  
Typ ica l  p o l a r i z a t i o n  cu rves  a re  shown i n  F i g u r e  1. 
The cu rves  are f o r  t h e  l a r g e  e l e c t r o d e  made of  a porous 
n i c k e l  s u b s t r a t e  covered wi th  a one m i l  t h i c k  Te f lon  
f i l m .  Typ ica l  response  cu rves  are p resen ted  i n  F i g u r e s  2 
3 .  
through 6. A l l  d a t a  a r e  f o r  25OC. 
The d e s i r e d  response i s  an  e l e c t r o d e  s i g n a l  t h a t  i s  
l i n e a r l y  r e l a t e d  t o  t h e  oxygen p r e s s u r e  i n  t h e  c e l l .  
Some types  of non- l inear  r e sponse  a r e  p o t e n t i a l l y  a lmost  
as u s e f u l ,  however. The r e sponse  shown i n  F igu re  2 i s  
n o t  u s e f u l  as a s i g n a l  g e n e r a t i n g  e l e c t r o d e  as t h e  s l o p e s  
of t h e  curves  are  too  shal low and they  f l a t t e n  o u t  a t  
h i g h e r  gas  p r e s s u r e s .  The responses  shown i n  F igu res  3 ,  
4 ,5 ,  and 6 a r e  u s e f u l ,  f o r  t h e  most p a r t ,  even i f  they  a r e  
n o t  l i n e a r .  
An a n a l y s i s  of t he  p l o t s  o f  t h e  s i g n a l  r e sponse  vs. 
oxygen p r e s s u r e  f o r  a l l  e l even  e l e c t r o d e  materials, a t  
25OC,  i s  p resen ted  i n  Table  11. The r e s u l t s  i n d i c a t e  t h a t  
a l l  of  t h e  s u b s t r a t e  m a t e r i a l s  are  p o t e n t i a l l y  u s e f u l  a s  
s i g n a l  e l e c t r o d e s  and  t h a t  t h e  f i l m  t h i c k n e s s  i s  c r i t i c a l  
t o  e l e c t r o d e  performance. The r e s u l t s  a l s o  g i v e  some 
i n d i c a t i o n  t h a t  t h e  t e s t  c e l l  c o n s t r u c t i o n  may a l s o  be  c r i t i -  
ca l .  Some of  t h e  f a i l u r e s  l i s t e d  i n  Table  I1 may be due t o  t h e  
c e l l  c o n s t r u c t i o n ,  a l though,  as f a r  as i s  known t h e  cons t ruc -  
t i o n  of  a l l  c e l l s  i s  very  s imi l a r .  
P o l a r i z a t i o n  runs  of  n i c k e l  mesh, n i c k e l  s i n t e r ,  and 
go ld  mesh e l e c t r o d e s  were performed a t  v a r i o u s  tempera tures .  
R e s u l t s  are p resen ted  i n  Table  111. The i n f l u e n c e  of temp- 
e r a t u r e  i s  shown g r a p h i c a l l y  i n  F igu res  7 and 8, i n  which 
t h e  s i g n a l  r e sponse  i s  p l o t t e d  a s  a f u n c t i o n  of  tempera ture  
a t  a f i x e d  p r e s s u r e .  
4 .  
TABLE I 
SIGNAL ELECTRODE MATERIALS 
NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
SUBSTRATE 
MATERIAL 
Nickel  S i n t e r  
Nicke l  S i n t e r  
Nickel  S i n t e r  
Nickel  Mesh 
Nickel  Mesh 
N i c l c e l  Mesh 
Gold Mesh 
Gold Mesh 
Gold Mesh 
P l a t  inum-coa t ed 
Tantalum Mesh(3) 
Plat inum Coated 
Tan t a 1 um 
Mesh (4)  
FILM 
THICKNESS 
(1 ,2 )  
1 m i l  
0.5 m i l  
0 .25 m i l  
1 m i l  
0 .5  m i l  
0 .25  m i l  
1 m i l  
0 . 5  m i l  
0 .25  m i l  
1 m i l  
1 m i l  
SUBSTRATE 
DESCRIPTION 
0.020" porous n i c k e l  (nominal) 4-7 
micron po res ,  80% t o t a l  p o r o s i t y .  
Support :  E x m e t  5 N i  10-1/0.  General  
E l e c t r i c ,  G a i n e s v i l l e ,  F l o r i d a  
DO 
DO 
Exmet n i c k e l  mesh 5 N i  10-3/0.  
Exmet Corpora t ion ,  Tuckahoe, N . Y .  
DO 
DO 
100 X 100 s c r e e n  0.003" pure  gold 
w i r e .  Cold Roscoe Mfg. Co., 
So. Norwalk, Connect icu t  
DO 
DO 
0.010" expanded tan ta lum mesh one 
f a c e  covered w i t h  0.00025" b r i g h t  
p la t inum.  Anode s t o c k ,  Metal  and 
Con t ro l s ,  I n c . ,  A t t l e b o r o ,  Mass. 
0.0010" expanded tan ta lum mesh, two 
f a c e s  w i t h  0.00025" b r i g h t  p la t inum 
Anode s t o c k ,  Metal and Con t ro l s ,  I n c . ,  
A t t l e b o r o ,  Mass. 
NOTES TO TABLE I 
1. Fi lms  were Tef lon  sk ived  f i l m s ,  D i l e c t r i x  Corpora t ion ,  Farmingdale,  N.Y.  
2 .  F i lms  were a p p l i e d  as fo l lows:  
1 m i l  12,000 PSI  a t  672OF f o r  ca .  45 min. 
0 .5  m i l  8,000 P S I  a t  672'F f o r  ca .  60 min. 
6,000 - 8,000 PSI a t  672'F f o r  ca .  60 min. 0 .25 m i l  
A l l  e l e c t r o d e s  are  a i r  cooled under p r e s s u r e  t o  room tempera ture  
3 .  
4. 
Mesh approximates  Exmet 3/10 s t y l e .  
Mesh approximates  Exmet 3/10 s t y l e ,  bu t  i s  r ibbed  so t h a t  a d j a c e n t  s t r a n d s  a r e  
n o t  i n  same p l a n e .  
No d e s i g n a t i o n  g iven  by manufac turer .  
5. 
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TABLE I1 
SIGNAL ELECTRODE EVALUATION AT 25OC 
E l e c t r o d e  
Material 
N i  S i n t e r  
N i  S i n t e r  
N i  S i n t e r  
N i  Mesh 
N i  Mesh 
N i  Mesh 
Au Mesh 
Au Mesh 
Au Mesh 
P t  Coa t -  1 T a  Me h 
P t  Coated Ta  Screen  
Film 
Thickness (1) 
0.001" 
0.0005" 
0.00025" 
0.001" 
0.0005" 
0.00025" 
0.001" 
0.0005'' 
0.00025" 
0.001" 
0.001" 
0.86 cm2 
E l e c t r o d e ( 2 )  
B 
B 
C 
B 
B 
C 
D 
B 
B 
B 
B 
~~ 
2 9 . 8  cm 
E l e c t r o d e ( 2 )  
A 
B 
C 
B 
B 
C 
D 
B 
D 
B 
B 
(1) Skived  D i l e c t r i x  Te f lon  Shee t ,  s i n t e r e d  on t o  one s i d e  of e l e c t r o d e .  
( 2 )  R a t i n g  i s  as fo l lows :  
I A. Non-linear, n o t  s u i t a b l e  f o r  i n d i c a t o r  use.  
I B .  Non- l inear ,  curves upward, s u i t a b l e  f o r  i n d i c a t o r  use .  
C.  Sigmoid c u r v e s ,  not  s u i t a b l e  f o r  i n d i c a t o r  u s e  over  wide 
p r e s s u r e  r ange .  
D. E r r a t i c  behavior  on load.  
1 2 .  
TABLE 111 
SUMMARY OF SIGNAL ELECTRODE POLARIZATION TESTS 
- 
No. 
1 
1 
2 
2 
4 
4 
- 
S i z e  
9 . 8  
0.86 
9 . 8  
0.86 
9 . 8  
0 .86  
ELECTRODE 
Material of  
S u b s t r a t e  
Nickel  S i n t e r  
Nickel  S i n t e r  
Nickel  S i n t e r  
Nickel  S i n t e r  
Nicke l  Mesh 
Nicke l  Mesh 
Film 
i n  
0.001" 
0.001" 
0.0005" 
0.0005" 
0.001" 
0.001" 
Temp 
O C  
- 10 
0 
10 
2 5  
3 5  
- 10 
0 
10 
25 
3 5  
- 10 
0 
10 
2 5  
3 5  
- 10 
0 
10 
25 
35  
10 
25 
3 5  
25 
3 5  
R e s .  Range 
Ohms 
10-200 
DO 
DO 
DO 
DO 
20-200 
DO 
DO 
DO 
DO 
10 - 200 
DO 
DO 
DO 
DO 
20-200 
DO 
DO 
DO 
DO 
10-200 
DO 
DO 
20-200 
DO 
'EST 
Remarks (2 )  
Linear  t o  25 PSIA(4) 
Linear  
L inea r  
Curves Upward(3) 
Linear  
Linear  
L inea r  
Curves Upward(3) 
Curves Upward(3) 
L inea r  t o  25 PSIA(4) 
Curves Upward(3) 
Curves Upward(3) 
L inea r  
Curves Upward(3) 
Curves Upward(3) 
Curves Upward(3) 
Curves Upward(3) 
L inea r  
L inea r  
L inea r  
T e s t  C e l l  F a i l e d ( 6 )  
L inea r  
L inea r  
L inea r  
L inea r  
NOTES TO TABLE 111 
1. Refe r  t o  Table  I 
2 .  
3.  Curve i n c r e a s e s  i n  s l o p e  wi th  i n c r e a s e  i n  oxygen p r e s s u r e .  
4 .  Curve f l a t t e n s  a t  h i g h e r  oxygen p r e s s u r e .  
5. Curve l i n e a r  0-20 PSIA, then curves upward. 
6. Nickel-cadmium p a r t  of tes t  c e l l  sho r t ed ,  f u r t h e r  tes ts  abandoned. 
Curves p l o t t e d  mA-signal e l e c t r o d e  t o  cadmium e l e c t r o d e  v s .  PSIA oxygen 0-30. 
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2.1.3 Ana lys i s  of  R e s u l t s  
I n  t h e  c e l l  t h e  s i g n a l  e l e c t r o d e  i s  coupled w i t h  a 
cadmium e l e c t r o d e .  Oxygen reacts a t  t h e  s i g n a l  e l e c t r o d e  
t o  form hydroxyl  ions  which s e r v e  t o  complete  t h e  c e l l  
react ion .  
02 + 2H20 + 4e  -40" 
2Cd + 40" __t 2Cd(OH)2 + 4e 
The ra te  of oxygen r e d u c t i o n  i s  a f u n c t i o n  of  t h e  
e l e c t r o d e  mater ia l  and t ends  t o  b e  p r o p o r t i o n a l  t o  e i t h e r  
t h e  area o f  t h e  e l e c t r o d e ,  t h e  i n t e r n a l  c e l l  impedance, 
t h e  e x t e r n a l  impedance, o r  t o  t h e  r a t e  of  d i f f u s i o n  of 
oxygen t o  t h e  e l e c t r o d e  s u r f a c e .  Any one of  t h e  f a c t o r s  
may be  c o n t r o l l i n g ;  t h u s ,  t h e  c u r r e n t  ob ta ined  from a s m a l l  
area e l e c t r o d e  i s  u s u a l l y  less than  t h a t  from a l a r g e r  area 
e l e c t r o d e  and, i n  f a c t ,  w i l l  be  p r o p o r t i o n a l  t o  t h e  e lec-  
t r o d e  area i f  a l l  t he  o t h e r  f a c t o r s  are non- l imi t ing .  
S ince  t h e  d e s i r e  i s  t o  produce an  e l e c t r o d e  t h a t  g i v e s  a 
c u r r e n t  p r o p o r t i o n a l  t o  t h e  p r e s s u r e  of  oxygen, i t  i s  
necessa ry  t h a t  t h e  e l e c t r o d e  c u r r e n t  be c o n t r o l l e d  by a 
p r e s s u r e  s e n s i t i v e  mechanism such as t h e  r a t e  of  d i f f u s i o n  
o f  oxygen t o  t h e  e l e c t r o d e .  
The d i f f u s i o n  ra te  of  oxygen through a f i l m  i n t o  a 
c l o s e d  volume i s  given by: 
r = k (P1-P2) A/d 
where r i s  t h e  r a t e  o f  d i f f u s i o n  
k i s  a c o n s t a n t  f o r  a g iven  f i l m  and tempera ture  
p i  i s  t h e  e x t e r n a l  p r e s s u r e  
P2 is  t h e  i n t e r n a l  p r e s s u r e  
A i s  the  f i l m  area 
d i s  the  f i l m  t h i c k n e s s  
16.  
The l i n e a r  response of an e l e c t r o d e  a r i ses  from i t s  
e f f e c t  on P The e l e c t r o d e  i s  under  d i f f u s i o n  c o n t r o l  
when a l l  of t h e  oxygen a r r i v i n g  a t  t h e  e l e c t r o d e  i s  re- 
a c t e d  immediately and P2 i s  reduced t o  v i r t u a l l y  zero.  
The re fo re ,  t h e  d i f f u s i o n  r a t e  and ,  hence,  t h e  e l e c t r o d e  
c u r r e n t  i s  p r o p o r t i o n a l  t o  P1. 
2' 
If t h e  i n t e r n a l  p l u s  e x t e r n a l  r e s i s t a n c e  is  too  
l a r g e ,  t h e  e l e c t r o d e  may show a l i n e a r  bu t  v e r y  f l a t  
response .  T h i s  i s  shown i n  F i g u r e  4 .  With an e x t e r n a l  
r e s i s t a n c e  of  500 ohms, t h e  cu rve  i s  l i n e a r  bu t  has  a 
s m a l l  s l ope .  With a d e c r e a s e  t o  200 ohms, a much s t e e p e r  
s l o p e  i s  obta ined .  I f  t h e  i n t e r n a l  r e s i s t a n c e  i s  too  
h igh ,  t h e  r e sponse  of t h e  e l e c t r o d e  may " s a t u r a t e "  a t  
some p r e s s u r e  and g ive  a f l a t  r e sponse  f o r  a l l  h igher  
p r e s s u r e s .  Th i s  i s  shown i n  F i g u r e  2. I f  t h e  e l e c t r o d e  
area is l a r g e ,  t h e  response  may be f l a t  s i n c e  t h e  load  
r e s i s t a n c e  cannot  be reduced t o  b r i n g  t h e  e l e c t r o d e  i n t o  
t h e  d i f f u s i o n  c o n t r o l l e d  s ta te .  T h i s  i s  a l s o  shown i n  
F i g u r e  2. 
The s imple  r e l a t i o n  between p r e s s u r e  and e l e c t r o d e  
r e sponse  ho lds  o n l y  t o  t h e  f i r s t  approximat ion ,  and i t  i s  
n o t  s u r p r i s i n g  t h a t  n o n - l i n e a r i t i e s  can and do occur  a t  
low load  r e s i s t a n c e  and h ighe r  g a s  p r e s s u r e s .  A s  long  as 
t h e  n o n - l i n e a r i t y  i s  p o s i t i v e ,  ( i . e . ,  t h e  response  i n c r e a s e s  
f a s t e r  than  t h e  p re s su re )  t h e  r e sponse  may be u s e f u l  f o r  
s i g n a l  purposes .  
17.  
2 . 2  Task I1 - Oxygen Recombination E l e c t r o d e  
2 . 2 . 1  Experimental  D e t a i l s  
The t e s t  c e l l s  descr ibed  i n  t h e  p rev ious  q u a r t e r l y  
r e p o r t  were modified i n  o r d e r  t o  f a c i l i t a t e  t he  removal of 
h e a t  genera ted  du r ing  c e l l  o p e r a t i o n .  The f a c t  t h a t  t h e  
h e a t  genera ted  may s i g n i f i c a n t l y  e f f e c t  t h e  r e s u l t s  i s  
i l l u s t r a t e d  i n  F igu re  9 .  I n  both cases ,  t h e  e l e c t r o d e s  
were assembled i n  t h e  c e l l s  i l l u s t r a t e d  i n  t h e  prev ious  
q u a r t e r l y  r e p o r t ,  and were i n s u l a t e d  from t h e  can w a l l  
by p l e x i g l a s s  f a c e  p l a t e s  and t h e  oxygen atmosphere.  
Curve A i s  €or  a c e l l  being ope ra t ed  i n  an ambient 
tempera ture  of -2OOC, whi le  curve  B w a s  ob ta ined  i n  an 
ambient of O W ,  Both e l e c t r o d e s  appear  t o  have improved 
performance (ice., lower p o l a r i z a t i o n )  a t  t h e  h i g h e r  
c u r r e n t  d e n s i t i e s .  T h i s  i s ,  of cour se ,  unreasonable ,  and so 
t h e  decreased  p o l a r i z a t i o n  must have been t h e  r e s u l t  of 
an i n c r e a s e  i n  t h e  temperature  of t h e  working e l e c t r o d e s .  
In  o r d e r  t o  minimize t h i s  h e a t i n g ,  i t  was necessary  
t o  provide  good thermal c o n t a c t  between t h e  working e l e c -  
t r o d e s  and can.  This  w a s  accomplished by welding t h e  
s i n t e r e d  n i c k e l  counter e l e c t r o d e  d i r e c t l y  t o  t h e  can w a l l  
and assembling t h e  c e l l  a s  shown i n  F igu re  10. 
The modif ied c e l l s  a l s o  c o n t a i n  thermocouples,  making 
i t  p o s s i b l e  t o  measure t h e  temperature  of t h e  t es t  e l e c -  
t r o d e  dur ing  ope ra t ion .  E lec t rode  tempera tures  measured t o  
d a t e  i n  t h e  modified c e l l s  a r e  only 2 t o  3OC above the  nominal 
ambient .  This  modest tempera ture  r i se  i s  i n s u f f i c i e n t  t o  
r e s u l t  i n  t h e  e f f e c t s  observed i n  t h e  p rev ious  c e l l s .  A l l  
o t h e r  d e t a i l s  a r e  a s  o u t l i n e d  i n  t h e  p rev ious  q u a r t e r l y  r e p o r t .  
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Recombination Electrode Test Cell Assembly 
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2.2.2 Eva lua t ion  of Fuel  C e l l  E l e c t r o d e s  
P o l a r i z a t i o n  curves  were ob ta ined  on a v a r i e t y  of 
f u e l  c e l l  e l e c t r o d e s  i n  o r d e r  t o  de te rmine  t h e i r  s u i t a b i l -  
i t y  as recombinat ion e l e c t r o d e s .  Data were ob ta ined  a t  
25OC and -2OoC, us ing  t h e  t es t  ce l l s  d e s c r i b e d  above. 
The e l e c t r o d e s  eva lua ted  inc luded  Genera l  E l e c t r i c  
Research and Development Center  Type 511 and American 
Cyanamid Company Type E and LBB-3CG. 
a r e  p re sen ted  i n  F igu res  11 and 12. A s  can  be  seen ,  t h e  
25OC performance of  a l l  e l e c t r o d e s  eva lua ted  are  compar- 
a b l e .  A t  t h e  low temperature ,  however, t h e  improved elec- 
t r o d e s  developed i n  t h i s  program o f f e r  t h e  b e s t  performance. 
P o l a r i z a t i o n  cu rves  
2.2.3 E l e c t r o d e  Reproduc ib i l i t y  and S t a b i l i t y  
Two series o f  tes ts  were performed i n  o rde r  t o  d e t e r -  
mine whether our e l e c t r o d e  f a b r i c a t i o n  p rocess  would enab le  
us t o  produce e l e c t r o d e s  of c o n s i s t e n t  q u a l i t y .  
The f i r s t  t es t  s e r i e s  w a s  performed us ing  t h r e e  e lec-  
t r o d e s  from t h e  same l o t ,  p repared  du r ing  t h e  second week 
i n  October .  P o l a r i z a t i o n  cu rves  i l l u s t r a t i n g  t h e  range  i n  
performance observed a t  bo th  25OC and -2OOC are  shown i n  
F i g u r e  13. 
The second series compared t h e  performance of  e l e c t r o d e s  
prepared  i n  December wi th  those  prepared  i n  October.  Again 
t h e  r e s u l t s  were comparable, demonst ra t ing  t h a t  e l e c t r o d e s  
of  c o n s i s t e n t  q u a l i t y  can be  prepared  us ing  our p r e s e n t  
t echn iques .  
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An i n v e s t i g a t i o n  of t h e  s t a b i l i t y  of  recombina t ion  
e l e c t r o d e s  h a s  been performed. 
o f  de te rmining  t h e  i n i t i a l  performance of  t h e  e l e c t r o d e  
a t  bo th  2 5 O C  and -2OOC w i t h  25 PSLA oxygen p r e s s u r e .  
e l e c t r o d e s  were then  sub jec t ed  t o  s t o r a g e  a t  40°C under 
25 PSIA oxygen and the  -2OOC p o l a r i z a t i o n  checked a t  regu-  
lar i n t e r v a l s .  The high tempera ture  s t o r a g e  should  accel- 
e ra te  any degrada t ion  p rocess ,  and t h e  e x t e n t  t o  which 
t h e s e  p r o c e s s e s  a f f e c t  e l e c t r o d e  performance should  r e a d i l y  
be  seen  a t  - 2 O O C .  
The program c o n s i s t e d  
The 
The r e s u l t s  o f  one such tes t  are shown i n  F igu re  14. 
I n  t h i s  t e s t  t h e  e l e c t r o d e  w a s  s u b j e c t e d  t o  64 hours  o f  
s t o r a g e  a t  4OOC. The s l i g h t  s h i f t  i n  t h e  p o l a r i z a t i o n  cu rve  
i s  n o t  due t o  a change i n  t h e  t e s t  e l e c t r o d e ,  bu t  r a t h e r  a 
change i n  t h e  r e f e r e n c e  e l e c t r o d e  as a r e s u l t  of t h e  h igh  
t empera tu re  exposure.  The r e f e r e n c e  e l e c t r o d e s  used i n  
t h e s e  ce l l s  i s  a p i e c e  of p a r t i a l l y  charged p o s i t i v e  p l a t e ,  
and i t  i s  r easonab le  t o  expec t  t h e i r  s t a t e - o f - c h a r g e ,  and 
hence t h e i r  p o t e n t i a l ,  would be  a f f e c t e d  by such a h igh  
t empera tu re  s t o r a g e .  
I n  o r d e r  t o  demonstrate  t h i s ,  a "Normalized P o l a r i z a -  
t i o n "  may be  computed by s u b t r a c t i n g  t h e  open c i r c u i t  v o l -  
t a g e  from t h e  v o l t a g e  observed a t  each c u r r e n t .  Such normal- 
i z e d  p o l a r i z a t i o n  curves should  be  i d e n t i c a l  i f ,  indeed,  t h e  
s h i f t  i s  due t o  t h e  r e f e r e n c e  e l e c t r o d e .  Such normal ized  
cu rves  f o r  t h e  above experiment  are  p r e s e n t e d  i n  F igu re  1 5  
and t h e  cu rves  do superimpose. 
25. 
An . a d d i t i o n a l  t e s t  o f  e l e c t r o d e  s t a b i l i t y  w a s  performed 
wi th  a t o t a l  s t o r a g e  t i m e  of 144 hours .  The t es t  c e l l s  
were removed from t h e  h i g h  tempera ture  p e r i o d i c a l l y  and t h e i r  
-2OO p o l a r i z a t i o n s  were checked. R e s u l t s  of t h i s  test  a r e  
shown i n  F igu re  1 6 .  Again, t h e  cu rves  superimpose,  i n d i c a t -  
i n g  t h a t  t h e  h igh  tempera ture  s t o r a g e  does n o t  e f f e c t  e l e c -  
t r o d e  performance. 
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2 . 3  Task I11 - Negat ive P l a t e  Evalua t ion  
2 . 3 . 1  
Three l o t s  of  nega t ive  p l a t e  were r e c e i v e d  from manufac- 
t u r i n g  f o r  e v a l u a t i o n  of ampere-hour s t a b i l i t y  and oxygen 
recombinat ion a b i l i t y ,  A s u f f i c i e n t  number o f  p l a t e s  t o  
c o n s t r u c t  1 2  c e l l s  from each l o t  were c u t  t o  s i z e  and sub- 
j e c t e d  t o  s t anda rd  aerospace  format ion  c y c l e s ,  The p o s i t i v e  
p l a t e s  f o r  a l l  c e l l s  were taken  from one l o t ,  and were formed 
a long  wi th  t h e  n e g a t i v e s ,  The p l a t e s  were then washed f r e e  
of  e l e c t r o l y t e  and d r i e d ,  
P l a t e  packs of nominal 4AH c o n f i g u r a t i o n  were assembled, 
u s ing  s t anda rd  n;?n-woven nylon  s e p a r a t o r ,  S u f f i c i e n t  34% KOH 
e l e c t r o l y t e  w a s  added t o  produce semi-s ta rved  ce l l s .  The 
c e l l s  were f i t t e d  wi th  p r e s s u r e  gauges and s e a l e d  wi th  epoxy. 
I n  o rde r  t o  de te rmine  t h e  ampere-hour s t a b i l i t y  of  t h e  
p l a t e ,  a regime knawn t o  promote n e g a t i v e  p l a t e  f ad ing  w a s  
employed. The regime was as fo l lows:  
Temperature:  Room ambient  
Charge: 400 mA f o r  16  hour s  
Cischarge ,  4,O A t o  1.0 V 
Rest: 7 hours  
5 c y c l e s  p e r  week 
Cycl ing was cont inued u n t i l  t h e  d i s c h a r g e  c a p a c i t i e s  of  
t h e  ce l l s  s t a b i l i z e d .  r h i s  r e q u i r e d  16 t o  18 c y c l e s .  
The oxygen recombinat ion a b i l i t y  of  t h e  n e g a t i v e  p l a t e  
i s  determined by observ ing  t h e  s t eady  s t a t e  p r e s s u r e s  i n  a 
c e l l  a t  v a r i o u s  r a t e s  of  cvnt inuous  overcharge.  The over -  
cha rge  ra tes  emplayed w t r e  400 mA ( C / l O ) ,  500 mA ( C / 8 ) ,  and 
800 mA ( & / 5 j ,  ? h e  C / 5  overcharge  r a t e  i s  t h e  upper t h r e s h o l d  
30 
f o r  cont inuous  overcharging of s e a l e d  ce l l s  w i t h o u t  recom- 
b i n a t i o n  e l e c t r o d e s  and w a s  employed i n  t h i s  t es t  i n  o r d e r  
t o  i n c r e a s e  t h e  amount of  d a t a  a v a i l a b l e  f o r  u s e  i n  select-  
i n g  a s u i t a b l e  p l a t e  l o t .  
2.3.2 R e s u l t s  and Discussion 
The c a p a c i t y  ve r sus  c y c l e  d a t a  f o r  t h e  t h r e e  l o t s  
eva lua ted  are  p r e s e n t  i n  F igu re  17. A s  can be seen ,  two 
l o t s ,  6939 and 6979 behaved e s s e n t i a l l y  t h e  same. The 
t h i r d  l o t ,  8104, faded t o  a g r e a t e r  e x t e n t .  
I n  a d d i t i o n  t o  t h e  c y c l i n g  regime, t h e  e x t e n t  t o  
which n e g a t i v e  p l a t e s  f ade  i s  r e l a t e d  t o  t h e  s t a t e - o f - c h a r g e  
of  t h e  p l a t e  a t  t h e  t i m e  of c e l l  assembly,  t h e  h i g h e r  t h e  
s t a t e - o f - c h a r g e  t h e  less fad ing .  The d i f f e r e n c e ,  t h e r e f o r e ,  
between l o t  8104 and t h e  o t h e r s  may be  due t o  a d i f f e r e n c e  
i n  t h e  o r i g i n a l  s t a t e -o f -cha rge  of  t h e  p l a t e s .  
The p r e s s u r e s  developed i n  t h e  c e l l s  du r ing  t h e  
cont inuous  overcharge t e s t s  were i n  t h e  r anges  normally ob- 
s e rved  when charg ing  a t  t h e  rates employed. The p r e s s u r e s  
developed i n  t h e  l o t  6979 c e l l s  were, however, somewhat 
lower than  t h e  o t h e r s .  
Negat ive p l a t e  from l o t  6979 e x h i b i t e d  t h e  b e s t  ba l ance  
o f  p r o p e r t i e s  - Pow fad ing  and low cont inuous  overcharge  
p r e s s u r e s  - and has  been s e l e c t e d  f o r  u se  i n  p r o t o t y p e  and 
f i n a l  ce l l s .  
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32. 
3 . 0  WORK PLANNED FOR NEXT QUARTER 
3 . 1  Task I - Oxygen Sensing E lec t rode  
Phases t o  be completed du r ing  t h e  n e x t  q u a r t e r  i nc lude :  
1. Completion of temperature runs .  
2. Cons t ruc t ion  and t e s t  of s i g n a l  e l e c t r o d e  c e l l s  on a 
c y c l i c  b a s i s  a t  v a r i o u s  tempera tures .  I n  t h e s e  tes ts ,  
t h e  sens ing  e l e c t r o d e  w i l l  c u t  o f f  charge  and d i s c h a r g e  
of oxygen g e n e r a t i o n ;  t h e  p r e s s u r e  w i l l  be monitored. 
3 .  Design and i n i t i a l  c o n s t r u c t i o n  of t es t  c e l l s  w i t h  
both  a u x i l i a r y  e l e c t r o d e s .  
3 . 2  Task I1 - Oxygen Recombination E l e c t r o d e  
P ro to type  c e l l s  i n c o r p o r a t i n g  t h e s e  e l e c t r o d e s  w i l l  be 
cyc led  i n  o r d e r  t o  determine t h e  c a p a b i l i t y  of t h e s e  e l e c t r o d e s  
t o  ma in ta in  low oxygen p r e s s u r e s  up t o  t h e  end of charge  as a 
f u n c t i o n  of c i r c u i t  parameters ,  l o c a t i o n  w i t h i n  t h e  c e l l ,  and 
cha rg ing  c o n d i t i o n s .  Cycling w i l l  be conducted a t  t h r e e  temper- 
a t u r e s ,  -2OoC, 25OC, and 4OoC, and t h r e e  dep ths  of d i s c h a r g e ,  
25,  50, and 75%. 
33 .  
OFFICIAL DISTRIBUTION LIST 
FOR BATTERY REPOEiTS 
March 10, 1966 
NASA and JPL  
National Aeronautics & Space Admin, 
S c i e n t i f i c  and Technical Information 
College Park, Maryland 20740 
Attn: NASA Representative 
Send 2 copies p lus  1 reproducible 
F a c i l i t y  
National Aeronautics & Space Admin. 
Washington, D.C. 20546 
Attn: RNW/E.M. Cohn 
National Aeronautics & Space Admin. 
Washington, D.C. 20546 
Attn: FC/A. M. Greg Andrus 
National Aeronautics & Space Admin, 
Goddard Space F l ight  Center 
Greenbelt, Maryland 20771 
Attn: Thomas Hennigan, Code 716.2 
National Aeronautics & Space Admin. 
Goddard Space F l ight  Center 
Greenbelt, Maryland 20771 
Attn: Joseph Sherfey, Code 735 
National Aeronautics & Space Admin. 
Langley Research Center 
Instrument Research Division 
Hampton, Virginia 23365 
Attn: John L. Pat terson,  MS-234 
National Aeronautics & Space Admin. 
Langley Research Center 
Instrument Research Division 
Hampton, Virginia 23365 
Attn: M. B. Seyffer t ,  MS 112 
National Aeronautics & Space Admin. 
Lewis  Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: N. D. Sanders, MS 302-1 
National Aeronautics & Space Admin. 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: R. L. Cummings,  MS 500-201 
National Aeronautics & Space Admin. 
Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attn: R. R. Miller, MS 500-202 
National Aeronautics & Space Admin. 
Geo. C. Marshall Space F l ight  Center 
Huntsville, Alabama 35812 
Attn: P h i l i p  Youngblood 
National Aeronautics & Space Admin. 
Geo. C. Marshall Space F l ight  Center 
Huntsville, Alabama $812 
Attn: Richard Boehme 
Bldg . 4487-BB 
National Aeronautics & Space Admin. 
Manned Spacecraft Center 
Houston, Texas 77058 
Attn: William R. Dusenbury 
Propulsion & Energy Systems Branah 
Bldg. 16, S i t e  1 
National Aeronautics & Space Admin. 
Manned Spacecraft Center 
Houston, Texas 77058 
Attn: Robert Cohen 
Gemini Pro jec t  Office 
National Aeronautics & Space Admin. 
Planned Spacecraft Center 
Houston, Texas 77058 
Attn: Richard Ferguson (EP-5) 
National Aeronautics & Space Admin. 
Manned Spacecraft Center 
Houston, Texas 77058 
Attn: James T. Kennedy (EX-5) 
2 
National Aeronautics & Space Admin. 
Manned Spacecraft Center 
Houston, Texas 77058 
Attn: Forrest  E. Eastman (EE-4) 
National Aeronautics & Space Admin. 
Arnes Research Center 
Pioneer Project  
Moffett Field,  California 94035 
Attn: James R. Swain/A. S. Hertzog 
National Aeronautics & Space Admin. 
A m e s  Research Center 
Moffett Field,  California 94035 
Attn: Jon Rubenzer 
B iosa t e l l i t e  Project  
J e t  P r opuls ion Labor a t  or y 
4800 Oak Grove Drive 
Pasadena, California 91103 
Attn: A i j i  Uchiyama 
Department of t he  A r m y  
U. S. Army Engineer R&D Labs. 
Fort  Belvoir, Virginia 22060 
E l e c t r i c a l  Power Branch 
SMOFB-EP 
Commanding Officer 
U. S. A r m y  Electronics R&D Labs. 
Forth Monmouth, New Jersey 07703 
Attn: Power Sources Division 
Code SELRA/PS 
Research O f f  i ce  
Rand D. Directorate 
Army Weapons Command 
Rock Island, I l l i n o i s  61201 
Attn: Mr. G. Riensmith, Chief 
U. S. Army Research Office 
Box CM, Duke Sta t ion  
Durham, North Carolina 27706 
Attn: D r .  Wilhelm Jorgensen 
Natick Laboratories 
Clothing and Organic Materials Div. 
Natick, Massachusetts 01760 
Attn: Robert N. Walsh/G. A. Spano 
Harry Diamond Laboratories 
Room 300, Building 92 
Conn.Ave. & Van Ness St ree t ,  N.W. 
Washington, D. C. 20438 
Attn: Nathan Kaplan 
Army Materiel  Command 
Research Division 
Washington, D. C. 20315 
Attn: John W. Cre l l in  
AMCRD-RSCM-T-7 
Army Materiel  Command 
Development Division 
Washington, D.C. 20315 
Attn: Marshall D. Aiken 
AMCRD-DE-MO-P 
U.S. Army TRECOM 
Fort Eustis,  Virginia 23604 
Attn: D r .  R. L. Echols (SMOFE-PSG) 
U. S. Army TREXCM 
Fort Eustis,  Virginia 23604 
Attn: Leonard M. Bartone (SMOFE-ASE) 
U, S. Army Mobility Command 
Re search Division 
Center Line, Michigan. 4809 
Attn: 0. Renius (-0-RR) 
Department of t he  Navy 
Office of Naval Research 
Washington, D. C. 20360 
Attn: Head, Power Branch, Code 429 
Office of Naval Research 
Department of the Navy 
Washington, D.C. 20360 
Attn: H. W. Fox, Code 425 
Naval Research Laboratory 
Washington, D. C. 20390 
Attn: Dr. J. C. White, Code 6160 
U. S. Navy 
Marine Engineering Laboratory 
Annapolis, Maryland 21402 
Attn: J. H. Harrison 
3 
Bureau of Naval Weapons 
Department of the  Navy 
Washington, D.C. 20360 
Attn: Whitemll  T. Beatson 
(Code ME-52)  
Bureau of Naval Weapons 
Department of t he  Navy 
Washington, D. C. 20360 
Attn: Milton Knight (Code RAAE-50) 
Naval Ammunition Depot 
Crane, Indiana 47522 
Attn: E. Bruess/H. Shultz 
Naval Ordnance Laboratory 
Department of the Navy 
Corona, California 91720 
Attn: William C. Spindler (Code 441) 
Naval Ordnance Laboratory 
Department of t h e  Navy 
Si lver  Spring, Maryland 20900 
Attn: Ph i l ip  B. Cole (Code WB) 
Bureau of Ships 
Department of t he  Navy 
Washington, D. C. 20360 
Attn: C. F. V ig lo t t i  (Code 660) 
Bureau of Ships 
Department of t h e  Navy 
Washington, D.C. 20360 
Attn: Bernard B. Rosenbaum (Code 340) 
Department of t he  A i r  Force 
Space Systems Division 
Los Angeles AF Sta t ion  
Los Angeles, California 90045 
Attn: SSSD 
Fl ight  Vehicle Power Branch 
Aero Propulsion Laboratory 
Wright-Patterson AFB, Ohio 45433 
Attn: James E. Cooper 
A i r  Force Cambridge Research Lab. 
L. G. Hanscom Fie ld  
Bedford, Massachusetts 01731 
Attn:  Commander (CRO) 
Rome A i r  Development Center, ESD 
Griffis AFB, New York 13442 
Attn: Frank J. Mollura (RASSM) 
Other Government Agencies 
National Bureau of Standards 
Washington, D. C. 20234 
Attn: D r ,  W, J. Hamer 
Office, DDR&E, U S E  & BSS 
The Pentagon 
Washington, D. C. 20310 
Attn: G,  B, Wareham 
Mr. Donald B. Hoatson 
Army Reactors, DRD 
U. S. Atomic Energy Commission 
Washington, D. C. 20545 
Private  OrRanizations 
Aeroject-General Corporation 
Chemical Products Division 
Azusa, California 91702 
Attn: Dr .  S. 0. Rosenberg 
Aeronutronic Division. 
Philco Corporation 
Ford Road 
Newport Beach, California 92660 
Aerospace Corporation 
P.O. Box 95085 
Los Angeles, California 90045 
Attn: Library 
Allis-Chalmers Manufacturing Co. 
1100 South 70th S t ree t  
Milwaukee, Wisconsin 53201 
Attn: Dr. P. Joyner 
American University 
Mass. & Nebraska Avenueg, N.W. 
Washington, D. C. 20016 
Attn: Dr. R. T. Foley, 
Chemistry Department 
Arthur D. L i t t l e ,  Inc. 
Acorn Park 
Cambridge, Massachusetts 02140 
Attn: Dr .  E l le ry  W. Stone 
4 
Atomics In te rna t iona l  Division 
North American Aviation, Inca 
8900 De Sota Avenue 
Canoga Park, Cal i fornia  91304 
Attn: D r .  H. L e  Recht 
Ba t t e l l e  Memorial I n s t i t u t e  
505 King Avenue 
Columbus, Ohio 43201 
Attn: D r .  C. L. Faust 
B e l l  Laboratories 
Murray H i l l ,  New Jersey 07971 
Attn: U. B. Thomas/D. A. Feder 
The Being Company 
P. 0. Box 98124 
Sea t t le ,  Washington 98124 
Borden Chemical Company 
Central  Research Lab. 
P. 0. Box 9524 
Philadelphia,  Pennsylvania 19124 
Burgess Bat te ry  Company 
Foot of Exchange S t r e e t  
Freeport ,  I l l i n o i s  61032 
Attn:  Dr. Howard J. Strauss  
C & D Ba t t e r i e s  
Division of E lec t r i c  Autol i te  Co. 
Conshohocken, Pennsylirania 19428 
Attn: Dr .  Eugene Willihnganz 
Calvin College 
Grand Rapids, Michigan 49706 
Attn: Prof.  T. P. Dirkse 
Catalyst  Research Corporation 
6101 F a l l s  Road 
Baltimore, Maryland 21209 
Attn: J. P, Wooley 
ChemCell Inc. 
3 Central  Avenue 
East Newark, N . J .  07029 
Attn: Peter  D. Richman 
Delco Remy Division 
General Motors Corporation 
2401 Columbus Avenue 
Anderson, Indiana 46011 
Attn: Dr .  J. J. Lander 
Douglas Aircraf t  Company, Inc. 
Astrupower Laboratory 
2121 Campus Drive 
Newport Beach, California 92663 
Attn: Dr. Carl Berger 
Dynatech Corporation 
17 Tudor S t r e e t  
Cambridge, Massachusetts 02138 
Attn: R. L. Wentworth 
Eagle-Picher Company 
Post Office Box 47 
Jopl in ,  Missouri 64802 
Attn: E. M. Morse 
Elgin National Watch Company 
lo7 National S t r ee t  
Elgin, I l l i n o i s  60120 
Attn: T. Boswell 
E l e c t r i c  Storage Bat tery Co. 
Missi le  Bat tery Division 
2510 Louisburg Rd. 
Raleigh, North Carolina 27604 
Attn: A. Chreitzberg 
E l e c t r i c  Storage Bat tery Co. 
Carl  F, Norberg Research Center 
19 West College Avenue 
Yardley, Pennsylvania 19068 
Attn: Dr .  R. A. Schaefer/W. S. Herbert 
Electrochitmica Corporation 
Menlo Park, Cal i fornia  94025 
Attn: Dr. Morris Eisenberg 
1140 O'Brien Drive 
Electro-Optical  Systems, Inc. 
300 North Halstead 
Pasadena, California 91107 
Attn: E. Findl  
5 
Emhart Manufacturing CO. 
Box 1620 
Hartford, Connecticut 06101 
Attn: Dr .  W. P. Cadogan 
Engelhard Industr ies ,  Inc. 
497 DeLancy S t r ee t  
Newark, New Jersey 07105 
Attn: Dr .  J. G. Cohn 
Dr.  Arthur Fleischer 
466 South Center S t r ee t  
Orange, New Jersey 07050 
General E lec t r i c  Company 
Schenectady, N e w  York, 12301 
Attn: D r .  R. C. Osthoff/Dr. W. Carson 
Advanced Technology Lab. 
General E lec t r i c  Company 
Missile & Space Division 
Spa ce c r a f t  Depart me nt  
P. 0. Box 8555 
Philadelphia, Pennsylvania 19101 
Attn: E. W. Kipp, Room T-2513 
General Elec t r ic  Company 
Bat tery Products Section 
P. 0. Box 114 
Ga i n s v i l l e  , Florida 32601 
General E lec t r i c  Company 
Research Laboratories 
Schenectady, New York 12301 
Attn: Dr .  H. Liebhafsky 
General Motors-Defense Research Labs. 
6767 Hol l i s te r  S t r ee t  
Santa Barbara, California 93105 
Attn: Dr .  J.S. Smatko/Dr. C. R. Russell 
Globe-Union, Incorporated 
900 E a s t  Keefe Avenue 
Milwaukee, Wisconsin 53201 
Gould-National Bat ter ies ,  Inc. 
Engineering and Research Center 
2630 University Avenue, S.E. 
Minneapolis, Minnegota 55428 
Attn: J. F. Donahue 
Gulton Industr ies  
Alkaline Battery Division 
212 Durham Avenue 
Metuchen, New Jersey 08840 
Attn: Dr. Robert Shair  
Hughes Aircraf t  Corporation 
Centinda Ave. & Teale St.  
Culver City, California 90230 
Attn: T. V. Carvey 
Hughes Aircraf t  Corporation 
Bldg. 366, M.S. 524 
E l  Segundo, California 90245 
Attn: R. B. Robinson 
Hughes Research Laboratories Corp. 
3011 Malibu Canyon Rd. 
Malibu, California 90265 
ITT Research I n s t i t u t e  
10 West 35th St ree t  
Chicago, I l l i n o i s  60616 
Attn: Dr. H. T. Francis 
I n s t i t u t e  f o r  Defense Analyses 
W Support Division 
400 Army-Navy Drive 
Arlington, Virginia 22202 
Attn: Mr. R. Hamilton/Dr. Szego 
Idaho Sta te  University 
Department of Chemistry 
Pocatello, Idaho 83201 
Attn: Dr, G. Myron Arcand 
I n s t i t u t e  of Gas Technology 
Sta te  and 34th St ree t  
Chicago, I l l i n o i s  60616 
Attn: B. S. Baker 
Johns Hopkins University 
Applied Physics Laboratory 
8621 Georgia Avenue 
Si lver  Spring, Maryland 20910 
Attn: Richard Cole 
Johns-Manville R&E Center 
P.O. Box 159 
Manville, New Jersey 08835 
Attn: J. S. Parkinson 
6 
Leesona Moos Laboratories 
Lake Success Park, Community Drive 
Great Neck, New York 11021 
Attn: D r .  H. Oswin 
Livingston Electronic  Corporation 
Route 309 
Montgomeryville , Pennsylvania 18936 
Attn: William F. Meyers 
Lockheed Missi les  & Space Company 
3251 Hanover S t r ee t  
Palo Alto, California 93404 
Attn: Library 
Mallory Bat tery Company 
60 E l m  S t r ee t  
North Tarryton, New York 10593 
Attn: R .  R. Clune 
P. W. Mallory & Co., Inc. 
Northwest Indus t r i a l  Park 
B u r  1 i n g  t, on, Ma s sa chus e t t s 0210 3 
Attn: D r .  Per Bro 
P. R. Mallory & Co., Inc. 
3029 E. Washington S t r ee t  
Indianap ol is, Indiana 46206 
Attn '  Technical Librar ian 
Melpar 
Technical Information Center 
3000 Arlington Blvd. 
F a l l s  Church, Virginia 22046 
Metals and Controls Division 
Texas Instruments, Inc. 
34 Forest  S t r ee t  
Attleboro, Massachuss%ts 02703 
Attn: D r .  E. M. Jos t  
Midwest Research I n s t i t u t e  
425 Volker Boulevard 
Kansas City, Missouri 64110 
Attn: Dr. B. W. Beaale. 
Monsanto Research Corporation 
Everet t ,  Massachusetts 02149 
Attn: D r .  J. 0. Smith 
North American Aviation, Inc. 
Rocketdyne Division 
6633 Canoga Avenue 
Canoga Park, Cal i fornia  91303 
Attn: Library 
North American Aviation, Inc. 
12214 Lakewood Boulevard 
Downey, California 90241 
Attn: Burton M. Otzinger 
D r .  John Owen 
P. 0. Box 87 
Bloomfield, New Jersey 07003 
Power Information Center 
University of Pennsylvania 
Moore School Building 
200 South 33rd S t r ee t  
Philadelphia,  Pennsylvania 19104 
Power Sources Division 
Whittaker Corporation 
9601 Canoga Avenue 
Chatsworth, California 91311 
Attn: D r .  M. Shaw 
Phi lco Corporation 
Division of t h e  Ford Motor Co, 
Blue Bell ,  Pennsylvania 19422 
Attn: Dr. P h i l l i p  Cholet 
Radiation Applications, Inc. 
36-40 37th S t r ee t  
Long Is land City, New York 11101 
Radio Corporation of America 
Astro Division 
Hightstown, New Jersey 08520 
Attn: Seymour Winkler 
Radio Corporation of American 
P. 0. Box 800 
Princeton, New Jersey 08540 
Attn: I. Schulman 
Radio Corporation of  America 
Somerville, New Jersey 08873 
Attn: Dr .  H. S. Lozier 
7 
Southwest Research I n s t i t u t e  
8500 Culebra Road 
San Antonio, Texas 78206 
Attn: Dr. Jan A 1  
Sonot one Corporation 
Saw M i l l  River Road 
Elmsford, New York 10523 
Attn: A. Mundel 
Texas Instruments,Inc. 
13500 North Central  Expressway 
Dallas, Texas 75222 
Attn: Dr. I saac  Trachtenberg 
Thomas A .  Edison Research Laboratory 
McGraw Edison Company 
Wa t chung Avenue 
West Orange, N e w  Jersey 07052 
Attn: D r .  P, F. G r i e g e r  
TRW Systems, Inc. 
One Space Park 
Redondo Beach, Cal i fornia  90278 
Attn: D r .  A. Krausz, Bldg. 60, Rm 929 
TRW Systems Inc.  
One Space Park 
Redondo Beach, Cal i fornia  90278 
Attn: Dr, Herbert P. Silverman 
TRW, Inc.  
23555 Euclid Avenue 
Cleveland, Ohio 44117 
Attn: Librar ian  
Tyco Laboratories, Inc. 
Bear Hill 
Hickory Drive 
Waltham, Massachusetts 02154 
Attn: W. W. Burnett 
Union Carbide Corporation 
Development Laboratory Library 
P. 0. Box 6056 
Cleveland, Ohio 44101 
University of Cal i fornia  
Space Science Laboratory 
Berkeley, Cal i fornia  94720 
Attn: Dr. C. W. Tobias 
University of Pennsylvania 
Electrochemistry Laboratory 
Philadelphia, Pennsylvania 19104 
Western E l e c t r i c  Company 
Sui te  802, RCA Bldg. 
Washington, D.C. 20006 
Attn: R. T. Fi8ke 
Westinghouse E l e c t r i c  Corporation 
Research & Development Center 
Churchill  Borough 
Pittsburgh, Pennsylvania 15235 
Whittaker Corporation 
P. 0. Box 337 
Newbury Park, Cal i fornia  91320 
Attn: Mr. John Rhyne 
Whittaker Corporation 
3850 Olive S t r e e t  
Denver, Colorado 80237 
Attn: Borch Wendir 
Yardney E l e c t r i c  CoTporat ion 
40-50 Leonard Street 
New York, New York 10013 
Attn: Dr .  Geo. Dalin 
Union Carbide Corporation 
P a m  Research Center 
P. 0. Box 6116 
Cleveland, Ohio 44101 
Attn: Library 
